Amorphous SiC has superior mechanical, chemical, electrical, and optical properties which are process dependent. In this study, the impact of deposition temperature and substrate choice on the chemical composition and bonding of deposited amorphous SiC is investigated, both 6 in. single-crystalline Si and oxide covered Si wafers were used as substrates. The deposition was performed in a standard low-pressure chemical vapour deposition reactor, methylsilane was used as the single precursor, and deposition temperature was set at 600 and 650 ºC. XPS analyses were employed to investigate the chemical composition, Si/C ratio, and chemical bonding of deposited amorphous SiC.
Introduction
Crystalline SiC is a wide energy-gap semiconductor that exhibits superior mechanical properties, thermal stability, resistance to oxidation, and very high thermal conductivity compared to crystalline Si. As its counterpart, amorphous SiC (a-SiC) would have similar superior properties if a large majority of chemical bonds are tetrahedral Si-C bonds with a very small fraction of other types of bonds. In recent years, amorphous SiC has been widely used as wear-resistant coating layer [1] , passivation layer [2] , diffusion barrier against both metal and dopant diffusion [3] , and window layer in SiC/Si heterojunction solar cell [4] . The chemical composition and bonding, thermal stability and conductivity, optical and electrical properties of a-SiC are strongly influenced by deposition parameters [5, 6] , and optical and electrical properties have a strong correlation with chemical composition and bonding [7] [8] [9] . There are some evidence showing that the choice of substrate influences the microstructure [10] and deposition rate of deposited SiC [11] , while to date detailed scientific research performed on the variation of chemical composition and bonding of a-SiC with the choice of substrate is scarce, it is usually taken for granted that the a-SiC films deposited on different substrates should have the same optical and chemical properties [9, 12, 13] .
The commonly employed precursor sources for the deposition of a-SiC are the gas mixtures of SiH 4 +CH 4 [1, 7] and H 2 +SiH 4 +C 2 H 4 [4] , as well as single precursor methylsilane [14] [15] [16] (H 3 SiCH 3 , MS). Comparatively, single source precursor MS, containing directly bonded Si and C atoms, has the advantage of a simpler and the possibility of a more efficient chemical vapour deposition process. The incorporation of H 2 during the deposition can either widen or narrow the optical energy gap of deposited SiC films [17] [18] [19] . The composition and chemical bonds of a-SiC prepared from MS had been reported [15, 16] , however, the employed deposition method was plasma enhanced chemical vapour deposition (PECVD) rather than standard low-pressure chemical vapour deposition (LPCVD) . In this paper, the deposition of a-SiC is performed using MS as a single precursor (without dilution gas) in a standard LPCVD reactor at medium deposition temperatures, and the aim is to investigate the dependence of chemical composition and bonding of a-SiC on deposition temperature and the choice of substrate.
Experimental procedures
SiC films were deposited on single-crystalline Si(100) wafers (p type, with a resistivity of 5-15 Ω cm, 6 in. in diameter) and 5 µm SiO 2 (thermal growth) covered single-crystalline Si(100) wafers (p type, with a resistivity of 1-20 Ω cm, 6 in. in diameter). Deposition of SiC was performed using MS (purity > 99.98 %) as the single precursor in a standard horizontal hot-wall LPCVD reactor (the details of the reactor can be found in ref. [20] ). Prior to being loaded into the reactor, the Si wafers were cleaned following the standard Radio Corporation of America (RCA) cleaning procedures. No wet-cleaning process was performed to oxide covered Si wafers, and they were loaded into the reactor (operated in cleaning room) as received. After loading the wafers into the LPCVD reactor, the reactor temperature was ramped up from 600 ºC to the desired deposition temperature in vacuum with a ramp up rate of 5 ºC/min. The deposition of SiC was performed at both 600 and 650 ºC with an MS pressure of 0.06 mbar 1 . The flow rate of MS was maintained at 9.5 standard cubic centimetres per minute (sccm) for all deposition processes, and the duration of each deposition process was set to be 10 h. In the sample label, "OX" indicates that the substrate is oxide covered Si wafer. More information on sample label is detailed in Table 1 .
Microstructure analyses were performed elsewhere by x-ray diffraction (XRD) and high-resolution transmission electron microscopy (HRTEM), indicating that the SiC films deposited on Si substrate under these conditions are amorphous [21, 22] . were charge compensated to C-Si bond at 283.4 eV to account for surface charging.
The detection limit of an element by XPS is around 0.1 at. %.
Results

Chemical composition analyses conducted by XPS
The relative atomic concentrations of Si, C, N, and O, as well as Si/C ratios in samples T600_Si, T650_Si, T600_OX, and T650_OX given by XPS analyses are shown in Table 2 . Sample T600_Si was nearly stoichiometric with a Si/C ratio of 0.99
and other a-SiC films were carbon rich with a Si/C ratio in a range of 0.88-0.91.
Oxygen atomic concentration decreased significantly with increasing deposition temperature, from 19.6 at. % in sample T600_Si to 3.9 at. % in sample T650_Si and from 13.5 at. % in sample T600_OX to 3.4 at. % in sample T650_OX. Nitrogen atomic concentration was in the range of 1.6-2.5 at. % in all deposited a-SiC films, also decreased with the increase in deposition temperature. The quantitative accuracy of the atomic percent values for SiC material by XPS measurements ranges from 80 to 95 %, and it applies to the data shown in Table 2 . and O 1s XPS spectra of sample T600_Si are summarized in Table 3 . The accuracy of the deconvolution data shown in Tables 3-6 is around 95 %.
Chemical bonding analyses conducted by XPS for a-
The Si/C ratio is nearly 1 in sample T600_Si, and the percentage of Si atoms incorporated into Si-1 is nearly equal to that of C atoms incorporated into C-1 at around 64 %, and the binding energy difference between the two states is 182.9 eV, similar to what is found in references for that of tetrahedral Si-C bond [23, 24] , therefore, the Si-1 (FWHM= 1.5 eV) with a binding energy of 100.5 eV is assigned to Si-C bond in tetrahedral SiC and the C-1 component located at 283.4 eV is assigned to C-Si bond (FWHM= 1.3 eV) in tetrahedral SiC. The carbon peaks located at 284.4-285.6 eV are usually assigned to sp 2 and sp 3 C-C/C-H bonds [24] [25] [26] [27] . The carbon peak located at 285.6 eV might also originate from C-O-Si/O-Si-C bonds in oxycarbide [28] .
According to the results reported by Jackson and Nuzzo, the binding energy difference between sp 2 and sp 3 C-C bonds is 1.0 eV [29] , therefore, the C-2 located at 284.6 eV is assigned to sp 2 hybridized C-C/C-H (FWHM= 1.5 eV) bonds, some of them might bond to Si atoms, while others might not; the C-3 is assigned to both sp 3 and due to their low concentrations, it is difficult to achieve absolute assignment for these two components. If the N-2 located at 399.2 eV is assigned to sp 3 N-C bond in β-C 3 N 4 (FWHM= 1.4 eV), then the C peak from sp 3 C-N bond should occur at 287.9 eV [35, 36] . The satellite sp 2 C-C peak shifts from the main sp 2 C-C peak by 2.0 eV [29] , which should occur at 286.6 eV, so the presence of C-4 (FWHM= 1.6 eV) might result from the overlap of satellite sp 2 C-C and sp 3 C-N bonds. The binding energy of Si-H bond is the same as Si-Si bond located at 99.7 eV [28] , and no contribution from Si-H/Si-Si bonds was identified.
Following the same deconvolution procedure used in sample T600_Si, the deconvolution of Si 2p, C 1s, N 1s, and O 1s XPS spectra (shown in Figs. 4-6) of sample T650_Si was performed and the detailed deconvolution data are listed in Table 4 .
The Si/C ratio in this sample was 0.88, and to make Si-C bond number equal to C-Si bond number, the percentages of Si atoms and C atoms incorporated into tetrahedral
SiC were found to be 76.6 % and 67.5 % respectively.
Chemical bonding analyses conducted by XPS for a-SiC deposited on oxide covered single-crystalline Si substrate
Following the same deconvolution procedure used in sample T600_Si, the deconvolution of Si 2p, C 1s, N 1s, and O 1s XPS spectra (shown in Figs. 7-9) of sample T600_OX was performed and the detailed data are summarized in Table 5 Table 6 .
Discussion
Dependence of chemical composition on deposition temperature and the choice of substrate
Comparing samples T600_Si with T650_Si, it can be seen that Si/C ratio decreased with increasing deposition temperature, and the same trend is also seen in samples T600_OX and T650_OX, indicating that Si to C ratio deviates further away from perfect stoichiometry with increasing deposition temperature regardless of the choice of substrate. The Si to C ratio in samples T600_Si and T600_OX was 0.99 and 0.91 respectively; indicating better stoichiometry was obtained for a-SiC deposited on Si substrate at a given deposition temperature of 600 ºC. However, the Si to C ratios in samples T650_Si and T650_OX were very close at around 0.88. All the films are carbon rich, in contrary to what was reported by other groups [15, 16] , demonstrating that film composition is process dependent, though the same precursor MS was used.
The oxygen atomic concentration in a-SiC deposited on Si substrate was higher than that deposited on oxide covered Si substrate at constant deposition conditions and the difference was minimized with increasing deposition temperature. The reason why such high level of oxygen contamination occurred at a deposition temperature of 600 ºC is not clear yet, but raising deposition temperature did help greatly to reduce oxygen atomic concentration. The nitrogen atomic concentrations were quite close in all samples, and slightly decreased with increasing deposition temperature and were slightly higher in a-SiC deposited on oxide covered Si substrate than those on Si substrate. Based on these results, it can be seen that the Si/C ratio and chemical composition of a-SiC depend on both deposition temperature and substrate choice, and the dependence on the latter is quite strong at a relatively lower deposition temperature of 600 ºC and become negligible at a deposition temperature of 650 ºC.
Dependence of chemical bonding on deposition temperature and the choice of substrate
The results from Fourier transform infrared spectra demonstrated that Si-C bonds were the dominant bonds in the deposited a-SiC films [21] , with an absorption peak 
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